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PRE-FILED TESTIMONY IN SUPPORT OF 
THE TEN PERSONS GROUP BY NATHAN G. PHILLIPS 
A.​ ​Biographical Sketch. 
 
1. My name is Nathan G. Phillips. I am an ecologist and professor in the Department of 
Earth and Environment at Boston University, where I have worked since being hired as 
an Assistant Professor in 2000. I was promoted to Associate Professor with tenure in 
2007 and Full Professor in 2013. My scientific expertise is in land-climate interactions, 
specifically exchanges of greenhouse gases including carbon dioxide, water vapor and 
methane between the land surface and the atmosphere, and the land surface energy 
balance. I have conducted research in remote natural ecosystems and dense urban 
environments including greater Boston. As part of my research training and experience, I 
completed graduate coursework in boundary layer climatology, micrometeorology, 
statistics, physical chemistry and watershed hydrology, and published peer-reviewed 
papers that involve energy balance, turbulent transfer and dispersion of gases within and 
across surface and atmospheric boundary layers that are of relevance to the modeling 
that was conducted to evaluate air pollution impacts of the proposed Weymouth 
Compressor station. My recent peer-reviewed research on methane emissions from 
natural gas infrastructure (Phillips et al. 2013; McKain et al. 2015; Hendrick et al. 2016) 
is highly cited and received national and international attention. 
2. I obtained my Bachelor of Science degree in Physics from the California State University 
(1989); my PhD in Physiological Ecology from Duke University (1997); and was a 
postdoctoral fellow in the Forest Science Department of Oregon State University 
(1998-2000). I am a member of the American Geophysical Union and the American 
Association for the Advancement of Science. My Curriculum Vitae is appended to the 
end of this statement. 
B. Concerns about the Research Process and Technical Flaws in the Air Permit Model 
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 3. I preface my concerns about technical flaws in the Enbridge-MassDEP plume dispersion 
model (hereafter referred to as the Enbridge Model) by stating that the integrity of 
research, in the practice of scientific publication and especially in matters of direct public 
welfare, depends on disclosure of real or perceived financial conflicts of interest. 
Applicant Enbridge supplied a model and coached MassDEP on acceptable tuning and 
parameterization of its model. MassDEP has not made an explicit conflict of interest 
disclosure statement to my knowledge; this violates a basic premise of research 
integrity. While Mass DEP has not hidden its collaboration with Enbridge on documents 
on the project website 
(https://www.mass.gov/service-details/algonquin-natural-gas-compressor-station-weymo
uth), it does not acknowledge the conflict of interest in working with the applicant, and 
portrays its role only as reviewing and evaluating the application 
(​https://www.mass.gov/files/documents/2019/01/11/algonquinapafinal011119_0.pdf​). 
4. Since the Enbridge air pollution dispersion model violates scientific integrity on its face it 
cannot be considered valid. Whether or not this conflict of interest has bearing in a 
regulatory proceeding, I am compelled by professional ethical standards to state my 
objection. As a practicing scientist I would not be able to in good conscience address 
below the technical flaws in the Enbridge Model without first recognizing this 
disqualifying issue ​a priori​, as it would amount to acquiescing to and thus being complicit 
in research misconduct. 
5. I have two interrelated technical concerns with the Enbridge Model used by MassDEP to 
grant the air permit for the proposed Weymouth, which invalidate the air permit. I state 
these immediately below and elaborate on them thereafter. 
 
1. Rural Designation Ignores Coastal Site.​ Enbridge mischaracterized the site as “rural” 
when in fact it is a coastal, shoreline site embedded in an urban coastal community. This 
means the model cannot assess key meteorological phenomena important for pollution 
dispersion. Using an incorrect site characterization - even if surface meteorological 
measurements were made in a reasonably comparable location (Logan Airport 
compared to 50 Bridge Street, Weymouth) - means that the model cannot represent 
coastal/shoreline advection and incorrectly assumes that surface winds are uniform 
across a uniform surface rather than exhibiting sharp spatial gradients in surface energy 
balance and resulting atmospheric stability, winds, and air mixing associated with the 
water-land boundary.  
 
2. Shoreline Boundary Layer Development and Thermal Inversions Ignored.​ Since the 
Enbridge model is incapable of capturing shoreline effects it cannot assess the potential 
of pollution trapping through under-developed thermal internal boundary layers that may 
blanket residential areas. Moreover, MassDEP made no data collection or model 
validation across seasons, crucially ignoring winter coastal temperature inversions and 
resulting pollution trapping. Thermal and radiative inversions occur typically over vertical 
length scales of 150 meters, whereas the paired surface and upper air temperature 
measurements (from Gray, Maine, 185 miles away) used in the Enbridge Model are 
intended to and can only capture mesoscale effects, and cannot resolve crucial 
shoreline inversion events.  The applicant’s consultant does not state what altitude it 
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 used for “upper air” measurements 
(www.mass.gov/files/documents/2018/06/11/algonquin-modeling.pdf) but according to 
EPA guidance these are typically several kilometers. The Enbridge Model mistakenly 
effectively assumes a fully-developed boundary layer condition and is thus unable to 
produce conditions that produce shoreline-induced looping or downwelling fumigating 
plumes that can expose residents to intermittently high concentrations of pollutants. 
B1. Critical Shoreline Effects Were Not Captured in the Enbridge Model 
 
6. Because of discontinuities in surface properties between water bodies and land, 
including heat capacity, albedo (reflectance) and surface roughness, temperature 
differences at the land-water interface in coastal areas are large. 
 
7. Is there evidence of substantial temperature differences between the water surface and 
land in this area?  Data I plotted below (Figure 1) demonstrate the answer is “yes”. Data 
I plotted below are taken from NOAA National Weather Service climate data for a sea 
surface temperature station in Boston Harbor and the NWS station at Logan Airport that 
was also used in the Enbridge Model.  Temperature differences as large as 10.2 
degrees occur across the water-land interface, reaching maxima in January (when no air 
quality data was collected by MassDEP) and July.  As the data plotted below are 
monthly AVERAGES, hourly differences can be even more extreme. Temperature 
differences at this level can have extremely large impacts in driving advection, as “by 
day small horizontal differences are sufficient to drive the system” in analogous thermal 
breezes (Oke 1987, p. 170). 
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 Figure 1. ​Land-Water temperature differences are large, drive advection of air and disrupt 
mixing layers on land, and are not captured by the Enbridge Model. Monthly average 
temperature data (2000-2019) compiled by N. Phillips. 
 
8. Temperature differences shown above are documented to produce large lateral 
(advective) winds and gradients in wind speed and direction, as shown below in Figure 
2. 
 
 
Figure 2. ​Figure reproduced from Colby (2004) shows large gradients in wind that are not 
captured by the Enbridge Model. 
 
9. Underlying the land-water temperature and wind gradients are extreme gradients in the 
surface energy balance across the land-water interface, as shown by the sensible heat 
flux in Figure 3 below. 
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Figure 3. ​Figure reproduced from Colby (2004). Extreme lateral gradients in surface sensible 
heat fluxes (W/m2).  In the Fore River Basin the gradients are on the order of hundreds of watts 
per horizontal kilometer. These surface energy balance gradients are of the same order of 
magnitude as vertical surface energy gradients, and can therefore dominate energy and mass 
exchanges. This effect is not captured by the Enbridge Model. 
 
10. The sharp gradients in winds and surface energy balance shown in Figures 2 and 3 are 
associated with temperature differences illustrated by the point measurements at 
weather stations (data shown in Figure 1), but these temperature gradients extend 
across the entire coastline and are exacerbated by urban impervious surfaces and the 
built environment, as shown in Figure 4 below.  While Figure 4 does not explicitly show 
water temperatures, it does show sharp temperature gradients over land that are due to 
a combination of the urban land use and the coastal influence. 
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Figure 4. ​Surface temperatures mapped by Landsat satellite illustrate strong lateral temperature 
gradients along shorelines associated with urbanization and the coastal setting. Enbridge’s rural 
categorization of the proposed site and the absence of treatment of the coastal setting makes 
the Enbridge Model incapable of assessing boundary layer effects on pollutant transport. Data 
prepared by the Metropolitan Area Planning Council. (Landsat Thermal data) 
 ​http://www.mapc.org/wp-content/uploads/2015/08/Land-Surface-Temperatures.png 
 
 
 
11. The temperature differences depicted in Figures 1 and 4 create differences in the 
buoyancy of air, since warmer air rises.  In turn, rising warmer air draws air in laterally 
(advection). Depending on day versus night conditions, this sets up onshore or offshore 
winds, which are depicted in an idealized way below in Figure 5, and cannot be ignored 
in coastal/shoreline zones such as the Fore River Basin. The Enbridge Model is unable 
to capture onshore and offshore winds because it did not use a coastal parameterization 
in AERMOD. 
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Figure 5. ​Seabreeze conditions. Figure reproduced from Oke (p. 168). The Enbridge Model is 
unable to account for this key coastal phenomenon. 
 
B2. Crucial Pollution-trapping Inversions Were Not Captured in the Enbridge Model nor 
measured during Winter by MassDEP 
 
12. Because the Enbridge Model does not consider coastal advection it is unable to account 
for pollution-trapping temperature inversions.  These can happen under a variety of 
conditions such as depicted in Figure 6 below. Cold water surface air can undercut 
warmer air over land (Figure 6a), or warmer air can overtop cooler air below (Figure 6b). 
Either case creates a thermal inversion and an internal boundary layer (Figure 6c,d) 
which traps pollutants. Even in the case of an inversion driving an internal boundary 
layer over water (Figure 6c), impacts of such an inversion can occur over downwind land 
areas in complex coastal geographies such as the Fore River Basin region. 
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Figure 6.​ ​Inversions due to advection, including at water-land interfaces. The Enbridge Model is 
unable to account for this effect. Figure reproduced from Oke (1987). 
The effect of shoreline-induced thermal internal boundary layers is to trap pollutants and 
fumigate the surface (Figure 7a). 
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Figure 7.​ ​Coastal effect (a) on thermal internal boundary layer formation, and pollutant trapping 
and fumigation. Figure reproduced from Oke (1987). 
 
13. A key point that deserves emphasis is that it doesn’t matter that the Enbridge Model 
used a surface weather station (Logan Airport NWS station) that is, arguably (although 
dubiously, from inspection of Figure 4), representative of the proposed compressor site, 
if these data are incorporated into a model (as they have) that does not treat the coastal 
phenomena depicted, most specifically, as seen in Figure 6a and 6b. To see this, 
consider a weather station at the proposed site at 50 Bridge Street in the context of 
either Figure 6a or 6b, where the land surface is assumed to be on the right hand side of 
those figures. Without treatment of the coastal influence, the Enbridge Model has no way 
of detecting the thermal inversions depicted in these figures, and therefore is unable to 
predict the development of the pollutant trapping thermal internal boundary layer. ​The 
Enbridge Model is blind to heterogeneity in the horizontal dimension and therefore 
makes incorrect assumptions about the vertical nature of temperature stratification, 
atmospheric stability, and pollutant transport. 
 
14. Temperature inversions can be due to both the coastal advection discussed above, or 
due to vertical stability conditions including radiative inversions, where the land surface 
temperature (especially at night on clear nights) cools faster than that of the overlying air 
(Oke, p. 90). Additionally, inversions are commonly most intense during cold winter 
conditions when the difference between land surface temperature and air temperature 
are minimal.  This stark wintertime effect is seen in data across Eastern Massachusetts 
including the Fore River Basin in Figure 8 below (Wang et al. 2017). For almost all 
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 categories of percent impervious surface area, there is nearly no winter vertical 
difference between land surface and air temperatures.  What this means is that even at 
10 a.m. local time (depicted here), the atmosphere is either neutrally stable or stable, 
conditions that lead to emissions downwelling and fumigation. 
 
Figure 8.​ ​Wintertime lack of surface-air vertical temperature differences in Eastern 
Massachusetts. These conditions, ideal for pollutant trapping and fumigation,  were not 
evaluated by MassDEP. 
 
15. Is there evidence that wintertime inversions and pollution trapping exists in the Fore 
River Basin? The answer is “Yes”. Figure 9a below was taken on the morning of January 
29, 2019 by Andrea Honore at Bridge Street, Weymouth, about 1/4th of a mile from the 
Calpine smoke stack (Figure 9b) and the proposed compressor site. A looping plume 
can be observed descending to ground level. Figure 9b demonstrates how close homes 
are to pollution sources comparable to those associated with the proposed compressor. 
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Figure 9. ​(a, top panel) View of an emissions plume from the Calpine facility descending to 
ground level on January 29, 2019. (b, bottom) ​Straight line distance between the vantage point 
shown in Figure 9 above and the plume emitted from the Calpine (Constellation Energy) smoke 
stack. 
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 16. The intermittency of coastal internal boundary layer formation and the other types of 
temperature inversions that can be exhibited at the Weymouth site is reason for an 
additional serious concern with the Enbridge Model is unable to address: Blowdowns. It 
is not unusual for blowdowns to last for as few as 15 minutes 
(https://www.eng-tips.com/viewthread.cfm?qid=389180), but the time step of the 
Enbridge Model is hourly, so in addition to being unable to account for dynamics of 
diurnal boundary layer development the model cannot resolve how those dynamics 
interact with intermittent blowdown plumes, and whether and under what conditions they 
may be expected to fumigate nearby residential neighborhoods.   
 
17. The operational Calpine facility provides ample physical demonstration of hot, buoyant 
emissions plumes under a wide variety of meteorological conditions, which can be used 
to test and validate plume dispersion models. That this obvious and convenient model 
evaluation opportunity has not been taken advantage belies the claim that the Enbridge 
Model is “probably the most comprehensive analysis within that framework that 
anybody’s done anywhere around one of these permits” (Baker 2019). 
 
18. The visual evidence from the Calpine exhaust plume shown in Figure 9, along with 
consideration of comparable physical properties of exhaust from the proposed Enbridge 
compressor, is sufficient to demonstrate that the compressor plant would, during similar 
inversion conditions to that shown in Figure 9 (which occur 50-60 times per year) expose 
residents to nearly undiluted compressor exhaust, which contains levels of compounds 
including formaldehyde and benzene exceeding federal and state standards. There are 
three specific comparable physical features of the Calpine and Enbridge exhaust plumes 
that support this contention. First, the Enbridge exhaust would be released from a vent of 
approximately 60 feet in height, whereas the Calpine smokestack shown in Figure 9 is 
much taller, at 255 feet. Thus, the compressor plume originates much closer to ground 
level than the Calpine plume would under comparable conditions. Second, the bulk 
molecular weight of the Enbridge exhaust would not be intrinsically buoyant relative to 
ambient air, and will therefore not tend to rise based on its intrinsic average molecular 
weight. The molecular weight of air is less than 29 grams/mole (depending on humidity), 
which is nearly the same as the bulk molecular weight of Enbridge exhaust (varying 
between 28.2 - 28.6 grams/mole) as stated in its Attachment G (Table B-1ab, Algonquin 
2016). Finally, the elevated exhaust temperature does create buoyancy, but the strength 
of the inversion is such that it could overcome this buoyancy in the Calpine example, and 
data in Attachment G (Table B-1ab Algonquin 2016) shows that exhaust temperature 
from the Enbridge Compressor (865-999 deg F) is lower (and hence less buoyant) than 
the Calpine exhaust temperature from the M501g turbines (1,113 deg F; 
https://www.mhps.com/products/gasturbines/lineup/m501g/). To summarize, considering 
a) height of exhaust emissions; b) molecular weight of exhaust; and c) exhaust 
temperature, emissions from the Enbridge facility, if anything, would be ​more​ prone to 
fumigation of nearby neighborhoods than the Calpine example demonstrates. ​The visual 
evidence from Calpine serves as a "smoking gun" that Enbridge and Mass DEP ignored 
in their assessment of inversion-driven fumigation. 
 
 
C. Conclusion 
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 19. Strong coastal influences on air motions and pollutant transport have been well 
described for many decades (e.g., Mukammal 1967; Lyons and Olsson 1973;  Oke 
1987) including in New England and the Massachusetts Coast (Angevine et al. 2004; 
Colby 2004). Yet the Enbridge Model considers Weymouth as if it were no different than 
a grassland in Kansas. The US Environmental Protection Agency (Bailey 2000) in 
guidance for use of models of the type used by Enbridge and its consultant, Trinity, 
states the necessity of proper treatment of coastal sites for air pollution dispersion 
modeling:  
 
20. “The unique meteorological conditions associated with local scale land-sea breeze 
circulations ​necessitate​ [emphasis added] special considerations. For example, a stably 
stratified air mass over water can become unstable over land due to changes in 
roughness and heating encountered during daytime conditions and onshore flow. An 
unstable thermal internal boundary layer (TIBL) can develop, which can cause rapid 
downward fumigation of a plume initially released into the stable onshore flow. To 
provide representative measurements for the entire area of interest, multiple sites would 
be needed: one site at a shoreline location (to provide 10 m and stack height/plume 
height wind speed), and additional inland sites perpendicular to the orientation of the 
shoreline to provide wind speed within the TIBL, and estimates of the TIBL height.” 
 
21. Considering the deference the Baker Administration gives to federal authority regarding 
the compressor station, MassDEP must follow the clear EPA directive above, in a 
required new study, to address how the site’s coastal location will impact pollution 
transport. Aside from the financial conflict of interest concern, basic due diligence and 
scientific competence by the applicant and MassDEP require attention to this 
unacceptable flaw in the Enbridge Model in a revised and expanded study which is as 
genuinely broad and comprehensive as concern for the public health of residents in the 
Fore River Basin demands. 
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 Signed under the pains and penalties of perjury this __19_____ day of April, 2019. 
 
 
____________________________ 
Nathan G. Phillips 
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